Summary: Determination of breeding criteria is quite important for plant breeders. The present study was carried out to determine yield and its components which are affecting seed yield and to study the relationships between yield components and other characteristics. A total of 42 common bean genotypes that are widely grown in Turkey were used as material. Direct and indirect effects of the yield components on seed yield were analyzed using path coefficient analysis. Seed yield (kg ha -1 ) was most affected by biologic yield (84.56%), harvest index (65.47%) as positive and negatively affected by number of main branches per plant (28.45%) and flowering day (13.27%) respectively. Correlation analysis showed that seed yield (kg ha -1 ) was effected by biologic yield (0.8224**), harvest index (0.2913**) as positive and negatively affected by flowering day (-0.3256**), first pod height (-0.2473**), plant height (-0.2406**) and pod number per plant (-0.2272*) respectively. According to the path analysis, the biologic yield, harvest index, number of main branch per plant and days to flowering are important due to direct effect on the increase of seed yield on selection studies.
Introduction
Dry bean has superior adaptation ability. It has a wide range of genetic diversity in Turkey especially in Konya which has the most production quantity. A previous research showed that a total of 38 common dry bean genotypes were ranged as the values from 0.48 to 0.97 genetic similarity degrees which welded the ISSR method. Several researches related to the yield of dry bean (kg ha -1 ) in different regions of Turkey was summarized as following: 840-1320 in Ankara (Şehirali 1971) , 2341 in Erzurum (Akçin 1974) , 1150-2260 in Samsun (Özçelik & Gülümser 1988) , 1130-1150 in Van (Yılmaz & Çiftçi 1994) , 574-1196 in Çukurova (Anlarsal et al. 2000) , 692.9-1550.7 in Konya (Kahraman & Önder 2009 ).
Seed yield is one of the main purposes in breeding programs. It is recommended to develop the useful plant genotypes which are adaptive to the region. In this respect, breeders who need to specify the basics of selection should determine the impact factors and the degree of relationships through yield components (Torun & Köycü 1999) . Understanding of the interactions between the plant characteristics which are effective in the region, component of yield and quality in plants is the main principle of the variety improving programs (Poehlman 1979) . Yield is a quantitative characteristic which is under the effects of many factors by means of genetic structure. Some of the characters affect the yield as directly while the others effect indirectly (Önder & Şentürk 1996) . Therefore, path analysis is used as a supplement component of correlation coefficients. This calculation allows separation of components as their direct and indirect effects and it uses a standard partial regression coefficient (Ghoss & Chatterjee 1988 , Shabana et al. 1990 ). Path analysis method gives the exact idea about the effects of every single characteristic on yield or quality (Önder original scientific paper / originalni naučni članak www.nsseme.com/journal.html 1995, Önder 1996 , Önder & Akçin 1996 , İşler & Çalışkan 1998 , Önder & Babaoğlu 2001 .
This research was made to estimation of the correlations and path analysis among some important characteristics in dry bean genotypes to determine selection criteria for high yield. Using correlation alone is not enough to understand the importance of the direct and indirect influence from individual components on seed yield. Therefore, path analysis was made to figure out the section criteria which based on seed yield.
Materials and Methods
In this research, a total of 42 common bean genotypes ( Table 2 ) that are widely grown in Turkey were used as material. All of the used common bean genotypes were collected depending on the following criteria: situation of preference, stability status over years, harvested in the last year, high market and cooking quality. The growth type of the used genotypes is dwarf. Field observations which were performed according to the randomized complete block design with three replications during the year of 2008 were as follows: days to flowering, number of main branches per plant, number of leafs per plant (during flowering time), plant height (cm), number of pod per plant, number of seed per pod, first pod height (cm), biologic yield (kg ha ), harvest index (%) and 1000 seed weight (g). The means of investigated characteristics of the used genotypes were used in a different study which is entitled as "Determination of Yield and some Yield Components of Common Bean (Phaseolus vulgaris L.) Genotypes that Grown in Konya Province" as an oral presentation in Hatay/Turkey (Kahraman & Önder 2009 ).
The relationships between the investigated characteristics and seed yield per plant, correlation coefficients, direct and indirect effects were performed using "TARIST" computerized statistical program.
Results and Discussion
Summary of the analysis of variance and the investigated values is shown in Table 1 . Most of the investigated characteristics showed statistically importance at the level of 1%.
Analysis to determine the correlation coefficients (Table 2 ) revealed that seed yield was affected by biologic yield (0.8224**), harvest index (0.2913**) as positive and negatively affected by flowering day (-0.3256**), first pod height (-0.2473**), plant height (-0.2406**) and pod per plant (-0.2272*) respectively (Table 3) .
Path analysis showed that the most important characteristics were the biologic yield, harvest index, number of main branch per plant and days to flowering, due to their direct effect on seed yield of the investigated common bean genotypes (Table 4) .
According to the results of the present study, seed yield was mostly affected by biologic yield (84.56%), harvest index (65.47%) as positive and negatively affected by main branch per plant (28.45%) and flowering day (13.27%) respectively.
A previous research reported that the yield affecting factors in dry bean were number of pod per plant, number of seed per pod, weight of seed Table 3 . Correlations among the investigated characteristics in the investigated common bean genotypes. Table 4 . Direct -indirect effects, and contribution (%) of various characteristics to seed yield in the investigated common bean genotypes. (Westermann & Crothers 1977) . Similarly, the most effective factors in common bean were determined as plant height, number of pod, number of seed per pod and 1000 seed weight (Önder & Özkaynak 1994) . Another research revealed that the bean characteristics such as number of seed per pod, number of leaf per plant, plant height and 1000 seed weight had direct effects on the yield (Yorgancılar et al. 2003) .
Seed yield in bean showed positive and high level of relation with number of pod per plant, biologic yield, 1000 seed weight, plant height, harvest index, seed size index and flowering period (Bozoğlu & Gülümser 1999) .
Research in some common bean genotypes presented that seed yield had an important and positive relationship with plant height, and it had positive and high level of relationships with number of pod, number of seed per plant, length of pod, stem yield and height of first pod (Pekşen & Gülümser 2005) . Path analysis revealed that the main contributors of seed yield were number of seed (0.8605), average seed weight (0.4314) and number of pod per plant (0.3408) respectively due to their high, direct and positive effects. This valued research proved that the mentioned characteristics could be used as selection criteria to achieve high seed yield in breeding trials of common bean genotypes.
Conclusions
Data of the present research showed that the biologic yield and harvest index had positive effects on seed yield, while number of main branch per plant and days to flowering had negative effects on seed yield. Evaluation of the investigated common bean genotypes in terms of seed yield was also made by path analysis. This method put forth that the biologic yield, harvest index, number of main branch per plant and days to flowering had positive effects on seed yield.
Results of this study recommend that the mentioned characteristics could be used in common bean selection programs which are based on seed yield.
